between the behaviour of rheumatic and diphtheritic carditis. Fortunately, ihe management of rheumatic cases need be influenced by no such ill-founded fears.
(b) The erythrocyte sedimentation rate falls in only about a third of the cases. We have not yet attempted to correlate this with changes in hepatic function, but on the whole the greatest drops have occurred in the more chronic instances.
(c) A low sodium diet has proved singularly disappointing; indeed heart failure from rheumatic carditis seems almost unique in its lack of response.
(d) On the other hand, digitalis may give excellent results. Slowing of the heart-rate, diuresis, loss of weight, increase of vital capacity, and cessation of vomiting accompany the fall in venous pressure and shrinkage of the liver. Cases that do not respond usually die. It is remarkable how well these children tolerate the drug and our early fears of the dangers -of overdosage soon evaporated. The effective dose for an average child of about 10 is half rather than a quarter or third of the adult dose. Another interesting point about digitalis in active rheumatic carditis is that it may cause no depression of the ST segment of the electrocardiogram. One cannot help being reminded of the absence of ST deviation in so many of the cases of pericarditis, and wondering whether both peculiarities depend upon a common factor.
(7) Electrocardiographic evidence.-Prolongation of the P-R interval has occurred in barely 10% of our cases, but this may be because the majority are not seen early enough.
Prolongation of Q-Tc has proved a much more valuable index of activity. Details have been reported by .
Elevation of the ST segment and reversal of the T wave, due to pericarditis, have already been discussed. The management of cases known to have carditis still follows traditional paths; they are usually kept in bed until all evidence of activity has subsided or until hope of its ever doing so is abandoned. There is no evidence that the natural course of the disease can be influenced in any other way, and precious little that it is greatly influenced by rest. H6wever, it is up to those who believe that physical effort does no harm in the active phase of the disease to prove their point before we can be expected to give up so obvious a remedy.
The General Management of Rheumatic Fever By E. G. L. BYWATERS, M.R.C.P. Special Unit for Study and Care of Juvenile Rheumatism, Canadian Red Cross Memorial Hospital, Taplow, Berks APART from the chemoprophylaxis of rheumatic fever and the use of cortisone and pituitary corticotrophic hormone, there is really very little on this subject that has not been said by many others in the last fifty years. There is, however, a fair amount of controversy over some of these traditional lines of treatment. I think this is largely because we have tended to rely on clinical impressions and inherited beliefs rather than on efforts to secure factual evidence. The great difficulty is, as always in clinical work, that we cannot run the risk of harming the patient by omitting measures we believe to be of value, even though the evidence for that usefulness is poor. We hope to secure data on the effects of treatment in the Special Unit at Taplow but it is much too early yet to give more than general impressions from this experience and although I shall cite particular instances and tentative impressions, we are not yet in a position to produce standard errors and coefficients of correlation.
The relative costs of caring for rheumatic children in their own homes, in foster homes, in convalescent homes and in hospitals are shown in Table I . These are Amherican figures but there is no reason to think that they differ very greatly (even after allowing for devaluation) from ours. Despite the great difference in cost I am convinced that it is better to care for these children in hospital. Rheumatism is a disease of the under-privileged and there is something in their home environment which is conducive to the disease and to its recurrence. In the occasional case occurring in a well-to-do home, home nursing may be the more desirable.
As existing methods of treatment involve a long stay, a hospital should have a school attached. It means a great deal to a child's psychological development to find when he rejoins his school, as most do after a period of six months or a year, that he has not lost his place and left his friends. It is better for one hospital to take care of the child from the start, as we are prepared to do at Taplow, and see him through: the present practice of admitting to a large general hospital and then after six or eight weeks discharging to a convalescent home is largely an economic makeshift, involving rupture of that personal contact between doctor, patient and family which is the most important factor in after-care.
DIFFERENTIAL DIAGNOSIS
The first thing in the management of acute rheumatism is to make sure that the case is one of acute rheumatism. The differential diagnosis in some cases is most important. Thus in a case presenting as early osteomyelitis of the knee or hip it is far better to treat immediately with large doses of penicillin even if the case ultimately turns out to be rheumatic fever than run the risk of getting bone destruction and its crippling sequels. The distinction may be at times extremely difficult in the very early case. Appendicitis is perhaps the only other common difficulty. While it is no disgrace to open up an occasional rheumatic abdomen (because occasionally a true appendicitis occurs and needs such treatment), it seems probable that the majority of right lower quadrant scars in rheumatic fever patients could be avoided if this possibility were present more often in the mind of the surgeon (Hansen, 1943).
Still's disease with fever, joint-pain and swelling, and rash is also occasionally difficult to distinguish in its early stage: the action of salicylates on the fever is not, as used to be so widely taught, diagnostic of rheumatic fever.
Fourthly, clubbing and petechiv are not always indices of subacute bacterial endocarditis when they occur in rheumatic patients. We have seen clubbing in rheumatic carditis with failure, in the absence of infection and lung disease, and it has receded completely as the child recovers. Such cases should not be allowed to vitiate the statistics of cured subacute bacterial endocarditis.
REST IN BED
Management of rheumatic fever is based on the fact that it is a self-limited disease and the only sequelk of any importance are the cardiac lesions. If these could be aborted the disease would be of no more importance than mumps. It has long been thought that the heart is less damaged if its work be cut down to the basal requirements of 40-50 cals/sq.m./hr. An extremely interesting analogy is poliomyelitis where Ritchie Russell (1949) has shown that severe paralyses occur in those who have indulged in considerable physical activity during the prodromal period. This cardiac rest is best achieved by keeping-the patient lying flat in bed. Although it is known that the work of the heart is slightly more in the flat position than in a sitting position, the curtailment of activity is so much greater that the total cardiac work (as distinct from the basal cardiac work) is actually less, because less movement is possible. The evidence for this hypothesis that rest minimizes residual cardiac damage is scanty (Sibson, 1877) and it rests largely on clinical impressions. Perhaps the best evidence available is that of Taussig and Go]denberg (1941) . They observed that of a group of children showing progressive enlargement of the heart and a 50 % mortality, only half had been treated with bed rest and then only for a short time, whereas in other groups which showed no progressive enlargement and a 6 % mortality only, 98 % had adequate periods of prolonged bed rest. As I have said before, few physicians, unless they hold strong beliefs to the contrary, would risk the ultimate wellbeing of their patients by omitting such prolonged rest. Yet in Chicago I have recently been shown a camp where children are encouraged to lead an active supervised life-boating, swimming, &c.-even though they may have an E.S.R. in the neighbourhood of 40 mm./hr.: the only criterion is that the E.S.R. should be beginning to show a definite fall. It is claimed that no harm results from this. Unfortunately the assessment of such measures involves a long survey and follow-up of a large number of rested and non-rested cases and that requirement has not yet been fulfilled.
CRITERIA OF RHEUMATIC ACTIVITY The critical question, accepting rest as the most important measure in the treatment of rheumatism, is "for how long?" and, on the above hypothesis, it should be not for any arbitrary period of six months but until carditis has completely subsided. What criteria should we use for this? Fig. 1 shows the criteria that we are actually using at Taplow. It shows an attack of scarlet fever occurring in a convalescent rheumatism patient. Of the clinical observations, pulse and temperature are important but some children will show bradycardia during the active phase and some are afebrile. Hlmoglobin rise indicates recovery but it may be delayed. The white blood count is of only limited value. The antistreptolysin 0 titre merely indicates a previous Group A haemolytic streptococcus infection and is of no value in this respect at all. The sedimentation rate is one of the most useful of criteria and is perhaps more widely used than any other. We depend largely on the weekly sedimentation rate and prefer the Westergren technique. We feel that correction for anemia is worse than useless: anemia itself is an indication of activity and adds to the value of the 7 201 202 Proceedings of the Royal Society of Medicine 8 reading. There is also less packing than in the Wintrobe tube for the hour reading. It should be remembered, however, that there are certain fallacies in this test. Firstly, during failure, sedimentation rate may fall, as Payne and Schlesinger showed in 1932. Secondly, salicylates, admixture of alcohol in the syringe and a low ambient temperature depress the sedimentation rate. Thirdly, a high E.S.R. may occur in adolescent girls without rheumatic activity, shown in Fig. 2 Actual correction showed an E.S.R. within normal limits. M. S., female, aged 13 years. Fever and joint pain one week after tonsillitis.
In this case we endeavoured to correct the E.S.R. for antemia using both Whitby and Hynes', and Wintrobe's correction charts, but there was no marked alteration. When, however, we corrected to a standard haematocrit by removal of plasma, we got an E.S.R. within normal range and subsequently it returned completely to normal. The chart illustrates well that patients, particularly adolescent girls, should not be kept at rest solely because of a high E.S.R. in the absence of other signs of activity since mobilization in this case actually produced the fall towards normal of the apparently abnormal reactions.
Another criterion which has been proposed by Taran is the corrected QT interval,-, RQR and has undertaken a preliminary investigation of our cases from this point of view.
In many cases of carditis we have found that the QTc falls from its initial abnormal levels to normal during recovery parallel with the E.S.R. When children with a QTc above the normal upper limit of 0 43 sec. but with a normal E.S.R. are got up, the E.S.R. may rise and although we do not know whether this indicates increased rheumatic activity and cardiac damage or merely a non-specific serological change, we feel it is wise to act as though the former were happening and we therefore put the child back to bed. Fig. 3 , however, shows that some children may be got up with markedly abnormal QTc without ill-effects and we think that such exceptions underline our general attitude at Taplow that no one test is adequate as a criterion.
May Wilson (1940) places high value on the vital capacity. Fig. 4 shows that this does 203 coincide very well with other criteria but it is of value chiefly in patients who are recovering from congestive failure. Gain of weight due to putting on flesh, and not due to acute episodes of congestive failure with water retention, is perhaps the least fallible of all these criteria but the change is a comparatively slow one. A well-sustained rise in weight, however, is a very good indication in children that the rheumatic process is over.
In summary, therefore, we feel that bed rest should be maintained until most or all of the criteria we are using (amongst which the most useful are sedimentation rate and electrocardiographic change) are normal and then the patient should be gradually mobilized and a close watch kept on these signs of activity. This applies more to children than to adults in whom cardiac damage is less frequent and who seem to bear a much earlier mobilization with impunity.
WARD ROUTINE
General ward routine is designed to guard against cross infection. New cases are isolated until they are proven to be free from hemolytic streptococcal infection: a weekly nose and throat swab is taken from all patients and all staff, carriers being isolated, organisms grouped and typed, and persistent carriers sterilized with penicillin. Oiling of the floor and bedclothes has been advocated to cut down cross infection but we have had no personal experience of this. Massell, Dow and Jones have recently claimed that rheumatic fever recurrences following hemolytic streptococcal sore throat have been cut down from about 50% to nil in a small series of 15 cases treated with penicillin immediately after discovery of the sore throat. This seems theoretically possible since cases thus treated show a very much smaller antibody rise but it depends upon the length of time the infection takes to produce symptoms. We have found that in one case prompt treatment with very large dosage within a few hours of the first tickling of the throat was not sufficient to prevent a severe rheumatic recurrence. It may turn out, however, that the majority of cases can be thus treated in time and if so this is very important indeed. SALICYLATES We come now to "specific" therapy and the salicylate problem. Salicylates although used now for nearly three-quarters of a century are still a controversial subject, and a great deal of argument still occurs as to their action. Despite Coburn's claim that blood levels above 35 mg. % "cure" rheumatic fever, we believe rather that it does little more than relieve the symptoms and mask the evidence of activity. It has been shown at this serum level to depress the E.S.R. in non-rheumatic subjects as well as in rheumatic subjects (Harris, 1947) . It decreases fever (in other conditions as well as in rheumatism) and it relieves the pain of joint lesions, but other signs of joint involvement, such as the skin temperature (according 
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AvMvo, (sia,6 to Murphy, 1945) and the effusions frequently persist. On both these counts, that is pain and fever relief, salicylates are invaluable in treatment and the lessening of the fever must reduce the work of the heart. If, however, a course of salicylates is interrupted the E.S.R. will frequently rise to its preceding high level ( Fig. 5 ) and indeed we have seen chorea, pericarditis and nodules occur during salicylate treatment as also have others. Furthermore in the severe and active cases with heart failure, salicylate will not arrest the fatal termination. Its toxicity is in some cases a drawback although seldom very severe. Apart from the rare sensitivity reaction with puffy eyes, &c., it produces a respiratory alkalosis due to direct stimulation of the respiratory centre with a secondary depression of CO2 combining power.
It is a mistake to treat this lowered alkali reserve with alkali as it may raise the blood pH still further and precipitate a bad alkalosis. It may produce an alarming but luckily transient psychotic state. Bleeding due to prothrombin depression is seldom seen and is said to be relieved by vitamin K (1 mg. of the synthetic product is equivalent to 1 gramme of salicylate). We have debated whether salicylate bleeding in the basal areas of the brain might be responsible for the occasional hyperpyrexia against which continued salicylates seem ineffective and which should be treated by tepid baths. Recently Meyer and Ragan have reported that sodium gentisate, a breakdown product of salicylates, is just as effective and less toxic. There should be a future for such a drug.
The most spectacular advance in this field is the use of cortisone and ACTH by Hench, Kendall and their colleagues from the Mayo Clinic. ACTH from pig pituitary and cortisone from bile, primarily used in rheumnatoid arthritis, have been found by Hench equally successful with rheumatic fever. The QTc ijnterval, calculated from his data, together with other criteria of activity, shows a decrease within a period of ten days. f have seen other cases treated with ACTH at the House of the Goc d Samaritan in Boston by Thorn, Massell and Forsham with remarkable improvement but as one of their colleagues remarked: "It seems nearly as good as aspirin, but a bit more expensive." The assessment of its value is much more difficult than in rheumatoid arthritis since rheumatic attacks may be spontaneously terminated within a comparatively short time and it will need a more detailed and critical selection of cases to prove this point if reliano'e is to be placed on individiAal case records rather than on statistically controlled investigation which, at the moment, supplies of the substance do not allow. Ultimately it may prove that such hormone treatment is more useful in rheumatic fever than in rheumatoid arthritis since it does not need to be continued for a period of many years. As in rheumatoid arthritis, there is no evidence in rheumatic fever of a primary hypothalamic, pituitary or adrenal deficiency since the response to adrenaline is normal and we are left with the hypothesis that there is an acquired connective tissue disorder on which the hormones act.
AFTER-CARE
The management of rheumatic fever involves the care of the child after leaving hospital. The London County Council have been pioneers in this respect and we have adopted their system of supervisory or advisory clinics for looking after the health of the child and of its family following discharge from hospital. The groundwork for this is laid by getting to know the parents while the child is still in the hospital. It is important also to see that harmonious contact is maintained with the responsible School Medical Officer, the family doctor and the referring hospital. We send copies of the in-patient summary with recommendations regarding physical activity, school, &c., to each of these authorities. This supervision should continue certainly during the next two or three years and preferably through adolescence, since May Wilson has shown clearly that the risk of recurrences is greatest within a short period of the last attack and in the age-group up to 15 (Wilson and Lubschez, 1944) . General instruction on avoidance of exposure to infection, damp, chills, and limitation of physical activity if necessary, on school arrangements, housing problems, re-employment for the older children, are all given at this level. It is in the prevention of further recurrences that the co-ordination of the social and the health services is so necessary: and it is in this after-period that the problem of chemoprophylaxis becomes so important.
INTRODUCTION
THIS is a preliminary report of an investigation into the value of penicillin in the prevention of streptococcal infections among children in a Home for convalescent rheumatic fever patients. The work was carried out by a team of laboratory and clinical workers under the direction of Professor Robert Cruickshank.
American, and more recently Australian, workers have found that small doses of sulphonamide (1 to 2 grammes daily) have a prophylactic effect on the occurrence of rheumatic fever relapses by preventing the occurrence of streptococcal infection which is a common precursor of such relapses. However, sulphonamide given over a long period, even in small doses, may produce toxic effects including granulopenia so that some laboratory control, e.g. weekly blood counts, is commonly recommended with prolonged administration. This prophylactic method is therefore unsuitable for most Convalescent Homes where laboratory facilities are poor, and more so for domiciliary practice. There is the added risk of producing sulphonamide-resistant strains of heemolytic streptococci.
Penicillin is practically devoid of toxicity and is particularly active against the hemolytic streptococcus which does not readily become drug resistant. Ordinarily penicillin is given by injection but such a method would be quite unsuitable for prolonged use. There is evidence that penicillin given by mouth on an empty stomach is absorbed (if rather irregularly) and that about five times the amount of an intramuscular dose is required to give equivalent blood levels. We therefore decided to try the effect of one daily dose of 100,000 units of penicillin given in 5 % glucose (which encourages absorption) before breakfast. Such a dose should with most cases give a maximum blood level of 04 to 05 unit of penicillin and maintain a bactericidal level against the hemolytic streptococci for two to three hours.
